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Lately publiſhed, by the Editor, GEORGE ADAMS, 
No. 60, FLEET-STREET, | LoxDoN, 


In one Volume, 8vo. Price 10s. 6d. in Boards, 
(Illuſtrated with 21 Plates, and an elegant Frontiſpiece) 


ASTRONOMICAL and GEOGRAPHICAL 
ESSAYS: Containing, - 1. A Comprehenſive Vjaw of 
the General Principles of Aſtronomy. 2. The Uſe of the 
Celeſtial and Terreſtrial 'Globes, exemplified in a Variety 
of Problems, which are defi gned to illuſtrate the Phænomena 
of the Earth and Heavens, in the moſt eaſy and natural 
Manner. 3. The Deſcription and Uſe of the Armillary 
Sphere, Planetarium, Tellurian, and Lunarium. 4. An 
Introduction to Practical Aſtronomy ; or the Uſe of the 


Quadrant and Equator. + 


— 


In one Volume, 8vo. Price 6s. in Boards, 
An ESSAY on ELECTRICITY; explaining 
the Theory and Practice of that Uſeful Science, and the 
Mode of applying it to Medical Purpoſes. To which is 
added, an ESSAY on MAGNETISM. The. Third 
Edition, Corrected and Enlarged. 


Dedicated, by Permiſſion,” to His Majeſty, -” 
In one Volume, 4to. Price 1/, 6s. in Boards, 
(Illuſtrated with 32 Plates, and an elegant Frontiſpiece) 
ESSAYS on the MICROSCOPE; 
containing a General His rox of INSECTS, their 
| _. Transfore 


Transformations, peculiar Habits, and CEconomy ; 
an Account of the various Species of the FHhydre and 
Perticelle; a Deſcription of 379 Animalcula; a conciſe 
Catalogue of intereſting Objects; a View of the Organiza- 
tion of Timber, and the Configuration of Salts when 
undet the Microſcope. With a particular Deſcription of 
the moſt improved Microſcopes, and the Method of uſing 
them. 


In one Volume, vo. Price 35. 

An ESSA on VISION. ſo far as relates to the Uſe 
of SpeQacles ; pointing out the Criteria, by which every 
may judge when the Uſe of them will be beneficial, 


and how to chuſe them without injuring the Sight. 
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Preparing for the Preſs, by the ſame Author, 
GEOMETRICAL aid GRAPHICAL * 


CONTAINING, 
1. A ſelect Set of Geometrical Problems; amongſt 


theſe are ſome very curious ones for dividing Lines and 
Cirdes with Accuracy. 

"II. A Defcription of thoſe Mathematical Tnſtruments 
which are uſually put into a Caſe of Drawing Inſtruments, 
and many other new ones for Geometrical Purpoſes. 


III. A Deſcription of the Inftruients uſed in W 
and Levelling of Land. 


| IV. A Deſcription of thoſe Tnſtruments that have been 
| contrived to'affiſt the Artiſt in delineating with Accuracy, 
and in true Perſpective, the Outline of a Landſcape, 


Building, or any other Object. 


P R E FAG 


M* Ludlam and Mr. Magellan have 
deſcribed Hadley's Quadrant ſo 
plainly, and entered ſo minutely into a 
detail of all it's various uſes, and ſingular 
properties, that there ſeemed to be but 
little room, and leſs neceſſity, for any 
further treatiſe on the ſubject. Nor ſhould | 
I have preſumed to ſay any thing on this 
inſtrument, if the one. had not written his | 
treatiſe in a foreign language, and that of 
the other had not been long out of print. 
Add to this, that the deſcriptions uſually 
given by the inſtrument-maker with the 
quadrant, are fo imperfect, that I con- 
ſidered myſelf as doing my cuſtomers an 
efſential ſervice, in preſenting them with 
a more complete tract; in which, I hope, 
by perſpicuity of arrangement, to have 
rendered the uſe of the inſtrument, and 
the modes of adjuſting it, eaſy and 
intelligible, | | <4 
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DESCRIPTION, USE, 
AND ; 


METHOD or ADJUSTING 
HADLEY's QUADRANT, 


AS MADE AND $0LD 


By GEORGE ADAMS, 
Mathematical Inſtrument Maker to His Majeſty, and Optician wg 
Highneſs the Prince of Wales, 


At Treue Baauz's Head, No. 60, FLEET-STREET, LONDON. 
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*AT the appointed time, when it pleaſed the Supreme 

Diſpenſer of every good gift to reſtore light to a 
bewildered world, and more particularly to manifeſt his 
wiſdom in the ſimplicity, as well as in the grandeur, of 
his works, he opened the glorious ſcene with the revival 
of ſound aſtronomy.” This obſervation of an excellent 
philoſopher and phyſician v is verified in every inſtance of 
the progreſs of ſcience; in each of which we may trace 
ſome of the ſteps of that vaſt plan of Divine Providence, 
to which all things are converging, namely, the bringing 


* Sir John Pringle's Six Diſcourſes to the Royal Society. 
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all his creatures to a ſtate of truth, goodneſs, and conſe- 


of beings, and which we may perceive to be gradually 
effeQing, by the advancement of knowledge, the diffuſion 
of liberty, and the removal of error, that truth and virtue 
may at laſt ſhine mo] in all won beauty of their 2 native 
colours. aH 

It is thus that FA * 08 of the ——_ s; gave riſe to 


the preſent art of gayigation ; and when. this art grew pf 


more importance to mankind, Divine Providence bleſſed 
them with the inyention of Hadley's quadrant, and in 
our own day and our own time has further improved both 
it and the art of navigation, by the preſent method of 
finding the longitude, which enables the mariner to aſcer- 
tain with certainty his ſituation on the unvaried face of 
_ the ocean. 


ment on which the mariner can depend, for determining 
with accuracy and preciſion his latitude and longitude, 
It is to the uſe of this inſtrument that navigation is in- 
debted for the very great and rapid advances it has made 
Within theſe few years. It is eaſy to manage, and of 


| extenſive uſe, requiring no peculiar ſteadineſs of hand, 


r 
cal inſtruments. 

Mankind are ever defirous of knowing W Few 
are indebted for any peculiar or uſeful diſcovery ; it is the 
tribute of gratitude, and a reward to merit. In the 
preſent inſtance there is no difficulty in giving the in- 
formation, the reſpective claims of the inventors are 
ealily decided, and the Britiſh ſailor will learn with 
. pleaſure 


quent happineſs ; an end worthy of the beſt and wiſeſt 


Hadley's quadrant o or ſextant is the e's known inflru- | 
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Or Havrey's QUaDRANT. 9 


pleaſure that his countrymen were the inventors of this 
uſeful inſtrument. The firſt thought originated withthe 
celebrated Dr. Hooke, it was completed by Sir Iſaac 
Newton, and publiſhed by Mr. Hadley, 
Notwithſtanding, however, the manifeſt ſuperiority'of 
this inſtrument over thoſe that were in uſe at the time of 
it's publication, it was many years before the failors 
could be perſuaded to adopt it, and lay aſide their im- 
perfect and inaccurate - inſtruments: ſo great is the 
difficulty to remove prejudice, and 3 the mind 
from the ſlavery of opinion. N 
No inſtrument has undergone, ſince the a in- 
vention, more changes than the quadrant of Hadley ; 
of the various alterations, many had no better foundation 
than the caprice of the makers, who by theſe attempts 
have often rendered the inſtrument more complicated · in 
conſtruction, and more difficult in uſe, than i it was in it's 


0 original ſtate. F | | | L 
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ESSENTIAL PROPERTIES OF /HADLEY's QUADRANT: 


It. is not my intention under this head to enumerate 
all the advantages of this inſtrument ; but barely to point 
out one or two of thoſe eſſential properties which diſtin- 
guiſh it from every other inſtrument of the kind, and 
rank it among one of the em 
practice of navigation. 

It is an eſſential property of this toflidment; rived 
from the laws of reflection, that half degrees on the arch 
. anſwer to whole ones in the angles meaſured ; hence an 
octant, or the eighth part of a circle, ot 45 degises on 
IV „ the 
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the arch, ſerves to meaſure * 7 SD and ſex tants will 
meaſure an angular diſtance of 120 degrees, though the 
arch of the inſtrument is no more than 60 degrees. It is 
from this property that foreigners term that inſtrument an 
octant, which we uſually call a quadrant, and which in 
effect it is. This property reduces indeed conſiderably 
the bulk of the inſtrument; but at the ſame time it calls 
for the utmoſt accuracy in the diviſions, as every error on 


_ the arch is doubled in the obſervation. 
' Another eſſential, and indeed an invaluable property 


of this inſtrument, whereby it is rendered peculiarly ad- 
vantageous in marine obſervations, is, that it does not 
require any peculiar ſteadineſs of the hand, nor is liable 


to be diſturbed by the ſhip's motion; for provided the 


mariner can ſee diſtinctly the two objects in the field of 


. his inſtrument, no motion nor vacillation of the fhip 


will injure his obſervation. 
Thirdly, the errors to which it is liable are eaſily diſ- 
covered, and readily rectified, while the application and 


uſe of it is facile and plain. 


DescrxirTIiONn or HADLEY's QUADRANT. 


Fig. 1, repreſents a/ quadrant, or octant, of the com- 
mon conſtruction. The following parts are thoſe which 
require the particular attention of the obſerver. 

I. BC the arch. | 
boeh. D the index, 2 b the nonius ſcale. 


III. E - the index-glaſs. 


- ix IV. F the fore horizon-glaſs. 


7 G the back horizon- glaſs. ts * 
VI. 


I 


Or HAbprv's QvavDraAnr. it 


V. K he dark glaſſes or ſcreens. 
VII. HI the yanes or fights, 


Or THE QUADRANT, 


The quadrant conſiſts of an arch BC, firmly attached 
to two radii, or bars, AB AC, which are ſtrengthened 
and bound _— by the two hraces L M. 


Or THz InDEx. 


2 


The index D is a flat bar of braſs, that turns on the 
eenter of the octant; at the lower end of the index there 


is an oblong opening, to one ſide of this opening the 


nonius ſcale is fixed, to ſubdivide the diviſions of the 
arch ; at the bottom or end of the index there is a piece 
of braſs, which bends under the arch, carrying a ſpring 
to make the nonius ſcale lie cloſe to the diviſions ; it is 
furniſhed with a ſcrew to fix the index in = deſired 
poſition. | 
The beſt inſtruments have an adjuſting ſcrew fitted to 
the index, that it may be moved more flowly, and with 
greater regularity and accuracy than by the hand, It is 
proper, however, to obſerve, that the index muft be 
previouſly fixed near it's right poſition by the aboye- 
mentioned ſcrew. Before the adjuſting ſcrew is put in 
motion, the circular arches on the arch of the quadrant 
are drawn from the center on which the index turns: 
the ſmalleſt eccentricity in the axis of the index worry be 
productive of conſiderable errors. 


94 B 2 * 


12 DESCRITE TIN AND USE 


It is the poſition of the index on the arch, after an ob- 
ſervation, which points out the number of degrees and 
minutes contained in the obſerved angle, 


** 


Or ThE InDEx-GLass E. 
Upon the index, and near it's axis, is fixed a plane 

ſpeculum, or mirror of glaſs quickſilvered. It is ſet in a 
braſs frame, and is placed ſo that the face of it is perpen- 
dicular to the plane of the inſtrument ; this mirror being 
fixed to the index, moves along with it, and has it's 
direQion changed by the motion thereof. 

_ This glaſs is deſigned to receive the image of the ſun, 
or any other object, and reflect it upon either of the twe 
horizon glaſſes, according to the nature of the obſer- 
vation. 

The braſs frame with the glaſs is * to the index by 
the ſcrew c; the other ſcrew ſerves to re- place it in a 
perpendicular poſition, if by any accident it has been 
deranged, as will be ſeen hereafter. 


Or THE Hon zox-GrAssks F, G 


On the radius AB of the octant are two ſmall ſpecu- 
lums. The ſurſace of the upper one is parallel to the 
index-glaſs, when the counting diviſion of the index is at 
o © on the arch; but the ſurface of the lower one is per- 
pendicular to the index-glaſs when the index is at o 
degrees on the arch: theſe mirrors receive the reflected 
rays fiom the object, and tranſmit them to the obſerver, 


The 


Or HapLisy's QuaDRANT. 13 


The horizon-glaſſes are not entirely quickſilyered; the 
upper one, F, is only ſilvered on it's lower part, or that 
half next the quadrant, the other half being tranſparent, 
and the back part of the frame is cut away, that nothing 
may impede the ſight through the unſilvered part of the 
glaſs, The edge of the foil of this glaſs is nearly parallel 
to the plane of the inſtrument, and eget to be very 
ſharp, and without a flaw, 

The other horizon-glaſs is ſilvered at both ends; in 
the middle there is a tranſparent lit, through which the 
horizon may be ſeen, 

Each of theſe glaſſes is ſet in a braſs frame; to which 
there is an axis; this axis paſſes through the wood-work, 
and is fitted to a lever on the under fide of the quadrant ; 
by this lever the glaſs may be turned a few degrees on it's 
axis, in order to ſet it parallel to the index-glaſs. The 
lever has a contrivance to turn it ſlowly, and a button to 
fix it. To ſet the glaſſes perpendicular to the plane of the 
quadrant, there are two ſunk ſcrews, on- before and one 
behind each glaſs ; theſe ſcrews paſs through the plate on 
which the frame is fixed, into another plate, ſo that by 
looſening one, and tightening the other of theſe ſcrews, 
the direction of the frame, with it's mirror, may bo 
altered, and thus be ſet PESO to the . of the 
2 


— 


Or THE SHADES, OR IDARK Guazzns, K. 


I bere are two red or dark glaſſes, and one green one; 
they are uſed to prevent the bright rays of the ſun, or the 
glare of the moon, from hurting the eye at the time of 
N obſerva» 
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obſervation, They are each of them ſet in a braſs frame, 
which turns on a center, ſo that they may be uſed ſepa- 
rately, or together, as the brightneſs of the ſun may 
require. The green glaſs may be uſed alſo alone, if 
the ſun be very faint; it is alfo uſed for taking the altitude 
of the moon, and in aſcertaining her diſtance. from @ 
fixed ſtar. 

When theſe glaſſes are uſed for the fore obſervation, 
they are fixed as in fig. 1; when uſed for the back ob- 
ſervation, they are removed to N. 


Or ru Two StcHT Vane H, I. 


Each of theſe vanes is a perforated piece of braſs, de- 
figned to direct the ſight parallel to the plane of the 
quadrant. That which is fixed at I is uſed for the fore, 
the other for the back obſervation. 

The vane I has two holes, one exactly at the height 
of the quickſilvered edge of the horizon glaſs, the other 
ſome what higher, to direct the ſight to the middle of the 


tranſparent part of the mirror. 


Or Tue Divisrons ON THE Lius OF THE Qua- 
- "DRANT, AND OF THE NON1US ON THE INDEX. 


Before any obſerver can uſe his quadrant, he muſt be- 
come acquainted with the divifions on the limb or arch, 
and of thoſe on the ſmall arch or nonius, which is carried 
by the index, and learn to read them off, or e r 


with eafe and accuracy. 


The 


Or HaDdLevy's QUADRANT. 15 


The limb is-divided from right to left, into go primary 
diviſions, which are to be conſidered as degrees, and 
each degree is ſubdivided into three equal parts, which 

are therefore of 20 minutes each; the odd minutes are 
obtained by means of the ſcale of diviſions, which _ 
placed on the ſmall arch of the index. 


Or THE Mad OR SUBDIVIDING SCALE. : 


We have here to deſcribe the nature and uſe of that 
admirable contrivance commonly called a nonius. It 
depends on this very ſimple circumſtance, that if any line 
be divided into equal parts, the length of each part will 
be greater, the fewer diviſions there are in the original 
line; on the contrary, the length of each diviſion will be 
leſs, in proportion as the diviſions are more numerous. 

Thus it may be obſerved, that the two extreme ſtrokes 
on the nonius contains 7 degrees, or 21 of the afore- 
mentioned ſmall diviſions, but that it is divided only into 
20 parts; each of theſe parts will be longer than thoſe 
on the arch, in the proportion of 21 to 20; that is to 
ſay, they will be one-twentieth part, or one minute 
longer, than the diviſions on the arch ; conſequently, if 
the firſt, or index diviſion of the nonius, be ſet preciſely 
oppoſite to any degree, the relative poſition of the nonius 
and the arch muſt be altered 1 minute before the next 
diviſion on the nonius will coincide with the next diviſion 
on the arch, the ſecond diviſion will require a change of 
2 minutes, the third of 3 minutes, and ſo on, till the 
20th ſtroke on the nonius arrive at the next 20 minutes 
on the arch; the index diviſion will then have moved 

6 exactly 
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exactly 20 minutes from the diviſion whence it ſet out, 
and the intermediate diviſions of each minute have been 
regularly pointed out by the diviſions of the nonius. 

To render this ſtill plainer, we muſt obſerve that the 
Index, or counting diviſion of the nonius, is diſtin- 
guiſhed by the mark o, which is placed on the extreme 
right hand diviſion, the numbers running y on 
thus, 20, 15, IO, 5, o. 

The index diviſion points out the entire degrees and 
odd twenty minutes, ſubtended by the objects obſerved ; 
but the intermediate diviſions are ſhewn by the other 
ſtrokes of the nonius: thus, look among the ſtrokes of 
the nonius for one that ſtands directly oppoſite to, or 
perfectly coincident with ſome one diviſion on the limb; 
this diviſion reckoned on the nonius, ſhews the number 
of minntes to be added to what is pointed out by the index 
"diviſion. 

To illuſtrate this ſubje&, let us ſuppoſe two caſes. 
The firſt, when the index diviſion perſectly coincides 
with a diviſion on the limb of the quadrant : here there 
is no difficulty, for at whatſoever diviſion it is, that 
diviſion indicates the required angle. If the index 
diviſion ſtands at 40 degrees, 40. degrees is the meaſure _ 
of the required angle. If it coincides with the next 
«diviſion beyond 40 on the right hand, 40 deg. 20 min. 
is the angle. If with the ſecond diviſion beyond 40, 
then 40 deg. 40 min. q the angle, and ſo in every other 


inſtance, 'F | 
The ſecond caſe is, when the index line does not 
coincide with-any diviſions on the limb. We are, in this 


_ inſtance, to look for a diviſion on the nonius, that ſhgjl 
| ſtand 
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ſtand direclly oppoſite to one on the limb, and that di- 
viſion gives us the odd minutes, to be added to thoſe 
pointed out by the index diviſion; thus, ſuppaſe the 
index diviſion does not coincide 
that the next diviſion to it is the coincident diviſfiony 
then is the required angle 40 degrees 1 minute, If it 
had been the ſecond diviſion, the angle would have been 
40 deg. 2 min. and ſo on to 20 min. when the index 
diviſion coincides with the firſt 20 min. from 40 degrees. 
Again, let us ſuppoſe the index diviſion to ſtand between 
30 deg. and 30 deg. 20 min. and that the 16th diviſion 
on the nonius coincides exactly with a diviſion en the 
limb, then is the angle 30 deg.” 16 min. Further, let 
the index diviſion fland between 35 deg. 20 nin. and 
35 deg. 40 min. and at the ſame time the rath diviſion 
on the nonius ſtands direQly oppoſite to a diviſion on 
the arch, RO LW 32 min, 


A GENERAL RuLtg ron KNOWING THE VALUE OF 
EACH DIV1$10N, ON ANY NoNIUS WHATSOEVER. 


As the mariner may have occaſion for eſtimating. a 
nonius diviſion, differing from that already explained, I 
thought I ſhould be doing him a ſervice, by giving him 
the following rule. a 
t. Find the value of each of the diviſions, or ſub- 
diviſions, of the limb to which the nonius is applied. 
2. Divide the quantity of minutes or ſeconds thus found, 
by the number of diviſions on the nonius, and the quo- 
tient enn 


- . 
#44 *- 8 . „ = 1 P 


ith 40 degrees, but 


— — — 2 & 

—— 0 · 4 » — — 

9 i - 0 8 2 > 
— * — — 


1 


h 
N 
it 
4 
1 


— 2 
nl 


2 * , 91 — IL 
- ” 1 Fe N W 
8 42 » 
N 4 ö 5 Sh, W . 


— —— ͤ —ũGʒ⅛— — 
FW PE” 4 
- 


"> x 1 1 * Non 


— 


18 D Ss RIP TIN AND Us 


Thus ſuppoſe each ſubdiviſion of the limb be 30 mi- 
nutes, and that the nonius has 15 diviſions, then 422 gives 
2 minutes for the va ue of the nonius. If the nonius has 
10 diviſions, each one would give 3 minutes. If the 
limb was divided to every 12 minutes, and the nonius to 
24 parts, then 12 minutes, or 720 ſeconds, divided by 
24, give 30 ſeconds for the value required. 


Or THE ARCH or Excess. 


Thoſe diviſions on the arch which go from o towards 
the right hand, are the diviſions on the arch, called the 
arch of exceſs. If an angle is meaſured on this arch, 
the numbers on the nonius are to be read in a contrary 
order, as if they had ſtood thus, o, 5, 10, 15, 20. 
Many writers have affected of late, in oppoſition to 


general practice, to term that ſpecies of diviſion which 


we have here called nonius, a vernier, under the idea 
that Vernier was the inventor; but it does not appear 


chat the claims of Vernier are better founded than thoſe 


of Nonius. That Clavius, the Jeſuit, was the inventor, 
is clear from a work of his which was printed in 1611: 
whereas the work of Vernier was not printed till 1631. 

* "Whoever has paid any attention to human life, muſt 
have perceived that affectation and enthuſiaſm belong to 
every claſs of it ; and will find as much of the firſt among 
aſtronomers, as among fops and beaus ; and as much of 
the ſecond, combined with bigotry, among philoſophers, 
as in the ſeQarian ſpirit of the field preacher. There is 
abundant reaſon to with, that in this enlightened age men 
would endeavour to ſeek and promote truth for truth's 
8 | . ſake, 


Or Hapitey's Qua DRANT. 19 


| fake, and not ſuffer themſeves to be led away, in any 
reſpect, by the authority of names, or veneration for 
adopted opinions. | 6 9] 


 DixeeT1oNs To Horp THE INSTRUMENT. 


It is recommended to ſupport the weight of the 
inſtrument by the right hand, and reſerve the left to 
govern the index. Place the thumb of the right hand 
againſt the edge of the quadrant, under the ſwelling part 
on which the fore ſight I ſtands, extending the fingers 
acroſs the back of the quadrant, ſo as to lay hold on the 
oppoſite edge, placing the fore finger above, and the 
other fingers below the ſwelling part, or near the fore 
horizon glaſs :' thus you may ſupport the inſtrument con- 
veniently, in a vertical poſition, by the right hand only; 
by reſting the thumb of the, left hand againſt the ſide, 
or the tingers againſt the middle 1 you may move * 
index gradually either way. 5 

In the back obſervation, the inſtrument ſhould be 
fopported bythe lf hand and the en. eng 
1 a un 


Or Tax Axis or Vistox, ok Lins or Stnr. 
| S © * E p N : 


Of the two objects which are made to coincide by this 
inſtrument, the one is ſeen directly by a ray paſſing 
through, the other by a. ray reflected from the ſame 
point of the horizon glaſs to the eye, This ray is called 
the viſual ray; but when it is conlidered merely as a line 

we. drawn 


#7 
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| drawn from the middle of the horizon glaſs to the e 
hole of the ſight vane, it is called the axis of vifion, 
The axis of the tube, or teleſcope, uſed to direct tha 
ſight, is alſo called the axis of viſion. 
The quadrant, if it be held as before directed, may be 
eaſily turned round between the fingers and thumb, and 
thus nearly on a line parallel to the axis of viſion. 


Or THE NECESSARY ADJUSTMENTS, 


It is a peculiar excellence of Hadley's quadrant, that 
the errors to which it is liable are eaſily detected, and 
ſoon reRified ; the mariner may, therefore, if he will 
be attentive, always put his inſtrument in a ſtate fit ſor 

accurate obſervation. The importance of this inſtru- 
ment to navigation. is ſelf-evident; yet much of this 
importance depends on the accuracy with which it is 
made, and the neceſſary attention of the obſerver ; and 
one would hardly think it poſſible that any mariner would, 
to ſave the triſling ſum of one or two guineas, prefer an 
imperfect inſtrument to one that was rightly conſtructed 
and accurately made; or that any conſideration ſhould 
induce him to neglect the adjuſtments of an inſtrument, 
on whoſe truth he is ſo highly intereſted, But ſuch is 
the nature of man ] he is too apt to be laviſh on baubles, 
and penurious in matters of conſequence ; active about 
trifles, indolent where his welfare and happineſs are con. 
cerned. The adjuſtments for the fore obſervation are, 
1. To ſet the fore horizon glaſs parallel to the index 
aſs ; this adjuſtment is of the utmoſt importance, and 
always be made previous to aQual obſervation. 
* The 


Or Has r's QUADRANT, 91 


The ſecond is, to fee mat the plane of this glaſs is pere 
pendicular to the plane of the quadrant, 3. To fee thay 
the index glaſs is perpendicular 10 the plane of th$ 
inſtrument, | | * 2 9 
Te ADJUST THE ron Hontzon Giass, 


This reRification is deemed of ſuch importance, that 
it is uſual to ſpeak of it as if it included all the reſt, and 
to call it ADJUSTING THE INSTRUMENT. In other 
words, ſo to place the horizon glaſs, that the index may 
ſhew upon the arch the tue angle between the objects 
for this purpoſe, ſet che index line of the nonius exaQtly 
againſt © on the limb, and fix it there by the ſcrew at the 
under fide, Now look through the fight I at the edge of 
the ſea, or ſome very diſtant object, The edge of the 
fea will be ſeen directly through the unſilyered part of 
the-glaſs, but by reflection in the ſilvered part, If the 
horizon in the ſilvered part exadly meets, and forms 
one continued line with that ſeen through the unſilvered 
part, then is the inſtrument faid to be adjuſted, and the 
horizon glafs is parallel to the index glaſs, 
But if the horizons do not coincide, then beten the 
milled nut on the under fide of the -quadrant, and turn 
the horizon glaſs on it's axis, by means of the adjuſting 
Jever, till you have made them perfectly coincide; then 
zx the lever firmly in the fituation thus obtained, by 
tightening the milled nut. This adjuſtment ought to be 
repeated before and after every aftronomical * 
tion. W 


8 
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the glaſs: when this is done, obſerve whether the index 
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So important is this rectification, that 


8 and thoſe who are deſirous — 
geeurate, will not be content with the preceding mode 
of adjuſtment, but re- examine it, and if they find any 
error, allow for it in their calculations. This is uſually 


To ND THE INDEX ERROR. 4T 


F $33 G8 Fa 
-» Adjuſt the inſtrument as near as poſſible by the lever, 


agrecable to the foregoing directions; then move the 


index forwards, and afterwards bring it back, ſo that 
the edge of the ſea ſeen in the ſilvered part of the mirror, 
may join exaQly to, and form one continued line with 
the edge of the ſea ſeen through the tranſparent part - of 


diviſion on the nonius agrees with the o line on the 
arch; if it do not, the number by which they differ is a 
quantity to be added to the obſervation, if the index line 
js beyond the o on the limb; hut iſ the index line of the 
nonius ſtands between o and 9o degrees, then this ow 

is to be ſubtracted from the obſervation. - 
bat part of the arch beyond a, towards the right 
— is called the arch of exceſs; the nonius muſt be 
read the contrary way, or which is the ſame thing, you 
e eee the uſual ways and then their com. 
| + /plement 


. or the e har 
found, by ufing the ſun inſtead of the horizon; but this method requires 
another ſet of dark glaſſes, to darken the direct rays of the ſun; ſuch a ſet 


Os 


u applied to the beſt inſtruments, and this method of adjuſtment is ety 


Waincd in the following deſcription of the ſextant. 


Ot Havizy's Quanta, 23 


plement to 20 min. will be the real mein»... 
and minutes to be added to the obſervation. * * 


To MAKE THE INDEX GLASS AND rox HoRkTfZz O 
GLASS PERPENDICULAR TO THE PLaxE OF THE 
INSTRUMENT. | HAY 


Though theſe adjuſtments are neither ſo neceſſary nor 
important as the preceding one, yet as after being onoe 
performed they do not require to be repeated for a con- 
ſiderable time, and as they add to the accuracy of 
obſervation, they ought not to be neglected; and further, 
a knowledge of them enables the mariner to examine 
and form a proper judgment of his inſtrument. 


To apjusT THE INDEX GLaAss. 


Method 1. By means of the two adjuſting tools, 
repreſented at fig. 2 and 3, which are two wooden 
frames, with two lines on each, exactiy at the lame 
Ae from the bottom. | 

Place the quadrant in an horizontal poſition ona table; | 
put the index about the middle of the arch, turn back the 
dark glaſſes, place one of the above-mentioned tools near 
one end of the arch, the other at the oppoſite end, the 
fide with the lines towards the index glaſs ; : then look 
| down the index glaſs, direQing the ſight parallel to the 
plane of the inſtrument, you will ſee one of the tools by 
direct viſion, the other by reflection 1 in the mirror; ; by 
moving the index a little, they may be brought exacti 
together. If the lines coincide, the mirror 1s rightly 

IT 5 ;  _ hxed; 
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fixed ; if not, it muſt be reſtored to it's proper ſituatiom 
by looſening the. ſcrew, and tightening the ſcrew, or 
vice verſa, by tightening the ſcrew and looſening the 
ſcrew. X 
Method 4. Hold the quadrant in an horizontal 
poſition, with the index glaſs cloſe to the eye; look 
nearly in a right line down the glaſs, and in ſuch manner, 
that you may ſee the arch of the quadrant by direct view, 
and by reflection at the ſame time. If they join in one 
' « direR line, and the arch ſeen by reflection forms an exact 
plane with the arch ſeen by direct view, the glaſs is per- 
pendicular to the plane of the quadrant; if not, the error 
muſt be reQified, by altering the poſition of the ſcrews 
behind the frame, as directed above. 
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To ASCERTAIN WHETHER THE FORE Holzon 
GLASS BE PERPENDICULAR TO THE PLANE or 


THE INSTRUMENT. 


Having adjuſted the index and horizon glaſfes 
agreeable to the foregoing directions, ſet the index 
diviſion of the nonius exactly againſt o on the limb; 
hald the plane of the quadrant parallel to the horizon, 
and obſerve the image of any diſtant object at land, or at 
ſea the horizon itſelf; if the image ſeen by refletion be 
higher than the object itſelf ſeen directly, releaſe the 
fore ſcrew, and tighten the back ſcrew, and vice verſa, if 
the image ſeen by reflection be loweſt : and thus proceed 
ell both are of an equal height, and that by moving the 
index you can make both objects appear as one. 


- Or; 
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Or: Adjuſt the fore horizon glaſs as directed in page 
21; then incline the quadrant on one fide as much as 
poſſible, provided the horizon continues to be ſeen in 
both parts of the glaſs. If, when the inſtrument is thus 
inclined, the edge of the ſea continues to form one un- 
broken line, the quadrant is perfectly adjuſted ; but if 
the reflected horizon be ſeparated from that ſeen by direct 
viſion, the ſpeculum is not perpendicular to the plane of 
the quadrant. And if the obſerver isinclined to the right, 
with the face of the quadrant upwards, and the reflected 
ſea appears higher than the real ſea, you muſt ſlacken the 
| ſcrew before the horizon glaſs, and tighten that which is 
behind it; e 
contrary muſt be performed. | 

Care muſt be always taken in theſe lt to 
looſen one ſcrew before the other is ſcrewed up, and to 
leave the adjuſting ſcrews tight, or ſo as to d with a 
moderate force againſt each other. 

This adjuſtment may be alſo made by the ſun, moon, 
or ſtar ; in this caſe the quadrant” may be held in a ver- 
tical poſition ; if the image ſeen by reflection appeurs to 
the right or left of the object ſeen directly, then the 
glaſs muſt e e Os two W 1 


To TAKE THE ALFITURE or THE SUN” 2 Tue 
FORE OBSERVATION. I 


Obſervations abate the fore horizon glaſs 
are called fore obſervations, becauſe in ge both ob« 
nnn 
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previous to every obſervation, the inflrument ſhould 


horizon glaſſes be firm, or whether any of the ſcrews be 
looſe ; the horizon glaſs muſt alſo be adjuſted, 

One or two of the dark glaſſes ſhould be placed before 
the horizon glaſs, always proportioning the ſtrength of 
the ſhades to the brightneſs of the ſun's rays, that tha 


Hold the quadrant (in a vertical poſition, the arch 
downwards) either by the braces or the radii, as may be 
moſt convenĩent, or ſtill better, according to the fore- 
going directions. Let the eye be at the upper hole in 
the fight vane, and the lower part of the limb againſt 
the breaſt. 

Turn yourſelf towards the ſun, and direct the ſight to 
that part of the horizon that lies directly under it, keep- 
ing the quadrant as near as you can judge in a plane 
paſſing through the ſun's center and the neareſt part of 
the horizon, moving at the ſame time the index with 
the left-hand, ſo as to bring the image of the ſun down 
toward the horizon ; then ſwing the quadrant round in 
«line parallel to the line of fight; by this means the 
image of the ſun may be made to deſcribe the arch of a 
circle, with the convex ſide downwards: now if that 
edge of the ſun which is obſerved, juſt grazes upon the 
horizon, or that the horizon juſt touches it like a tan- 


gent, without cutting it, the obſcrvation is rightly made, 
and the degrees and minutes pointed out by the nonius 
on the arch, thew the apparent altitude of the fun. But 
if the ſun's edge dip below, ot cut the horizon, the 
index muſt be moved backward ; if, on the contrary, it 

= falls 


„ 
2 


Or HapDLey's QUanraNt, 29 


falls ſhort of it, the index muſt be moved forward, un- 
til it juſt grazes the horizon. 
Dr. Maſkelyne gives the following . that 
in taking the ſun's altitude, the obſerver ſhould 
turn his quadrant round upon the axis of viſion, and at 
the ſame time turn himſelf upon his heel, ſo as to keep 
the ſun always in that part of the horizon glaſs which is 
at the ſame diſtance as the eye from the plane of the 
quadrant ; and that unleſs care be taken to obſerye the 
objects in the proper part of the horizon glaſs, the mea- 
ſured angles cannot be true. In this method the 
reflected ſun will deſcribe an arch of a parallel circle 
round the true ſun, whoſe convex fide will be down- 
wards, and conſequently when by moving the index the 
loweſt point of the arc is made to touch the horizon, the 
quadrant will ſtand in a vertical plane, and the alti- 
tude above the viſible horizon will be properly obſerved. 

Great care ſhould be taken that the ſituation of the 
index be not altered before the quantity it makes is 
read off, 

The obſerved or apparent altitude of the ſun requires 
three corrections, in order to obtain the true altitude of 
the ſun's center above the horizon. | 

1. The firſt correction is to obtain the obſerved 
altitude of the ſun's center, 

All aſtronomical calculations, reſpecting the heavenly 
bodies, are adapted to their centers ; but in taking alti- 
tudes of the ſun, it is uſual to bring his lower limb in 
apparent contact with the horizon. In this caſe it is 
evident, that a quantity equal to the ſemidiameter of the 
ſun muſt be added to the obſerved altitude, to give the 
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altitude of his center. But if on any occaſion, as from 
clouds, the altitude of the upper limb be taken, the 
ſemidiameter of the ſun muſt be ſubtracted. 

The mean ſemidiameter of the ſun is 16 minutes, 
which may be taken as a conſtant quantity in common 
obſervations, as the greateſt variation from this quantity 
ſcarcely exceeds one quarter of a minute. 

2. The ſecond correction is, to rectify the errors 


ariſing from refraction. 


One of the principal objects of aſtronomy is, to fix 
the ſituation of the ſeveral heavenly bodies. It is neceſ- 
ſary, as a firſt ſtep, to underſtand the cauſes which 


_ occaſion a variation in the appearance of the place of 
- thoſe objects, and make us ſuppole them to be in a dif- 
- ferent ſituation from what they really are: among theſe 
cauſes refraction js to be reckoned.* 


©. The rays of light, in their paſſage from the celeſtial 


luminaries to our eyes, are bent from their true direction 
by the atmoſphere; this bending is called refraction; 


and they are more or leſs refracted, according to the 


degree of obliquity with which they enter the atmo- 
- Iphere, that is, according to the altitude of the object; 


from this cauſe, their apparent altitude is always too 


great; the quantity to be ſubtracted from the obſerved 


altitude-1s to be found in a table ſubjoined to this tract. 
The following pleaſing and eaſy experiment will give 


the reader an idea of what is meant by the refraction 


of the rays of light; a wonderful-property to which we 


are indebted for all the advantages of viſion, and the 


aſſiſtance we receive from teleſcopes, &c. 1 50 
Experiment. 
* Adams's Aſtronomical and Geographical Eſſays. 
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Experiment. Into any ſhallow veſſel (a baſon) put a 
ſhilling, and retire to ſuch a diſtance as that you can juſt 
ſee the farther edge of the ſhilling, but no more ; let the 
veſſel, the ſhilling, and your eye, remain in the ſame 
ſituation, while an aſſiſtant fills up the veſſel with water, 
and the whole ſhilling will become viſible, . the rays 
coming from the ſhilling being lifted or bent upwards in 
their paſſage through the water. For the ſame reaſon, 


a ſtrait ſtick put partly ihto water appears bent. Ei 
3. The third correction is for the dip or depreſſion of 
the horizon. 


The dip of the horizon is the quantity that the ap- 
parent horizon appears below the true horizon, and is 
principally occaſioned by the height of the obſerver's 
eye aboye the water; for as he is elevated above the 4 
level of the ſea, the horizon he views is below the true 
ene, and the obſerved altitude is too great, by a quan- 

; tity proportioned to the height of the eye above the ſea: 
the quantity to be ſubtracted from the altitude will be 
found in a table ſubjoined to this tract. 

MI. Nicholſon ſays, that obſervers at ſea generally | 
cChuſe to ſtand in the ſhip's waiſt when they take altitudes, 
becauſe the height of the eye above the water is not ſo 
much altered by the motion of the ſhip ; but this is of 
no conſequence, for in rough weather, the edge of the ſea 
beheld from a ſmall elevation is made uneven -by waves 
whoſe altitudes amount to 2 or 3 minutes, or more z 
which circumſtance produces as great. an uncertainty as 
the riſe and fall of the object ſeen from the poop, when 
the ſhip pitches, Theſe are minute cauſes of error, but 
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not to be diſregarded by thoſe who wiſh wann 
of accuracy and exactneſs. 


MEzez1p1o0NAL ALTITUDES, 


The meridian altitude of the fun + is found by attend- 
ing a few minutes before noop, and taking his altitude 
from time to time: when the ſun's altitude remains for 
ſome time without any conſiderable jncreafe, the ob- 
ſerver muſt be attentive to mark the coincidence of the 
limb of the ſun with the horizon, till it perceptibly dips 
below the edge of the ſea. The quantity thus obſerved is 
the meridional altitude. 


To TAKE THE ALTITUDE OF A STAR. 

Before an obſerver attempts to take the altitude of a 
ſtar, it will be proper for him to exerciſe himſelf by 
viewing a tar with the quadrant, and learning to follow 
the motion of the reflected image without loſing it, 
left he ſhould take the image of ſome other ſtar inſtead 


of that whoſe altitude he is defirous to obtain. His 
quadrant being properly adjuſted, let him turn the dark 
glaſſes out of the way, and then, 


I. Set the index of the nonius to the © line of the 


2. Hold the quadrant i in a vertical 2 agreeable 


w Torrgoing direCtions. 


3. Look 
„ Nicholſon's Navigator Aſfiſtant, 
1 At places where it riſes and ſets, 


Or Hanzzx's OA ant. 35 


3. Look chrough the Gght vane and the tranſparent 
part of the horizon glaſs, ſtrait up to the ſtar, which 
will coincide with the image ſeen in the ſilvered part, 
and form one ſtar ; but as ſoon as you move the index 
forwards, the reflected image will deſcend below the 
real ſtar ; you muſt follow this image, by moving the 
whole body of the quadrant downwards, ſo as to keep it 
rr 
the index depreſſes it, until it comes down exactly to 
the edge of the horiaon. 

It is reckoned better to obſerve cloſe than open, that is, 
to be well aſſured that the objects touch each other; and 
this opinion is well founded, as many perſons are near- 
ſighted without knowing it, and ſee diſtant objects a 
little enlarged, by the addition of a kind of penumbra, 
or indiſtinct ſhading off into the adjacent air. | 

There are but two corrections to be made to the ob- 
ſerved. altitude of a ſtar, the one for the dip of the 
WY CE EK | 


Ruins FOR FINDING . THE 1133 THE Sun 
Ziniru, DISTANCE, AND D&CLIXATION AT 
NooN BEING GIVEN» 


ſun's declination be north or ſouth : and ſecondly, whe- 
ther the required latitude be north or ſouth. If the 
latitude or declination be both north or both ſouth, they 
are {aid to be of the ſame denomination ; but if one be 
north and the other ſouth, they are ſaid to be of different 
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Anominations. Thirdly, take the given altitude from 
* to obtain the zenith diſtance. 

- Rule 1. If the zenith diſtance and declination be of 
the ſame name, then their difference will give the lati- 
tude, whoſe denomination is the ſame with the declina- 


ton, if it be greater than the zenith diſtance ; but the 


Ktitude is of a contrary denomination, if the zenith 
diſtance be leſs than the declination. 

© Rule 2. If the zenith diſtance and declination have 
contrary names, their ſum ſhews the required latitude, 
whoſe name will be the ſame as thedectination. 

Or: By the two following rules you may find the lati- 
tude Wo the place from the altitude and decEnarion 


12 


Rule 1. If the altitude att are of different 


names, that is, the one north the other ſouth, add 9 


degrees to the declination; from that ſum ſubtract the 
meridian altitude, the remainder is the latitude, * is of 
the ſame name as the declination. 
Rule 2. If the meridian altitude and declination are 
of the ſame denomination, that is, both north or both 
ſouth, then add the declination and altitude together, and 
ſubtract that ſum from go degrees, if it be leſs, and the 

remainder will be the latitude, but of a contrary name. 
But if the ſum exceeds go degrees, the exceſs will be the 
latitude, of the ſame name an 4 declination and 
5 | 
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EXAMPLES FOR FINDING THE LATITUDE r 
MERIDIAN OBSERVATION. * 


Example 1. Being at ſea, July 29, 1779, the meri- 
dian altitude of the ſun's lower limb was obſerved to be 
34* 10' N. the eye of the obſerver being 25 feet above 
the ſea. The latitude of the place is 3 


The ſun's declination for the third year+ after = 
year on July 29, is found in Table III. to be 18˙ 46' N. 
the dip for 25 feet elevation is 5 minutes, the refraction 
for 34 is 1 minute, therefore 
Altitude of ſun's lower limb 3410 N. 

Add ſemidiameter 16 


34 26 
Subtract dip and refraction 6 


Correct altitude 34 20 


Zenith diſtance or co-alt. 55 40 


Subtract declination 18 46 N. 

*. 
Remains latitude 36 54S. or of the contrary 

name to the declin. 


Example 


* Nicholſon's Navigator's Aſſiſtant. 


+ The annual courſe of the ſeaſons, or the natural year, conſiſting of 
nearly 365 days 6 hours, and the current year being reckoned 36g days, it 
is evident that one whole day would be loſt in four years if the fix hours 
were conſtantly rejected. To avoid this inconvenience, which, if not at» : 
tended to, would cauſe the ſeaſons to ſhift in proceſs of time through all 
- the months of the year, an additional day is added to the month of Fe- 
| bruary, every fourth year ; this fourth year is termed leap year, and is found 
E by 
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Example 2. October 26, 1780, ſun's meridional al- 
titude, lower limb 62 og S. required the latitude. Height 
of the eye 30 feet. | 
1580 is leap year, and the ſun's declination in October 

26, is 12 45 S. The dip for 30 feet elevation is 6 mi- 
nutes, the refraction far 62 is + minute. Therefore, 


Sun's apparent alt. I. I. 62% O9 S. 
+ ſemidiam.—dip and refrac. 94 


Correct alt. 62 184. 


Zenith dif. 27 41 4 S. 
Sun's declination 12 45 8. 


Difference is lat. 14 56 1 N. or of the con- 
* name. 


Example 3. Jan. 7, 1776, altitude of ſun's lower 
limb, at noon 87 100 S. height of the eye 3o feet, re- 
quired the latitude. 

Sun's apparent alt. I. I. 87 10 
+ ſemidiam.— dip. 10 refraction being in- 
— —-— conliderable 
Correct alt. 87 20 
Zenith diſlance 2 40 8. 
Sun's declinat. 19 13 N. 


Sum is latitude 21 53 N. 


Example 


by dividing the year of our Lord by 4; leap year leaves no remainder ; 
other years are called the firſt, ſecond, or third years aſter "a ac- 
RR. 


Or HADIET's QUADRANT. 35 


Example 4. In the year 1778, July 30, the ſun's me- 
ridian altitude lower limb was 84* 10 N. Required the 
latitude. The height of the eye being 30 feet: 

Sun's apparent alt. I. I. 8410 
+Semidiam.—dip. 10 


Correct alt. 84 20 


Zenith diſt. 5 40 N. 
Sun's declination - 18 28 N. 


Difference is lat. 12 48 N. 


— 


Example 5. Being at ſea in the year 1777, cloſe 
weather prevented the meridian obſervation of the ſung 
but the night proving clear, the northernmoſt ſtar in the 
ſquare of the Great Bear was obſerved to come to it's 
leaſt altitude 30? 100. Required the latitude: the height 
of the eye being 20 feet. 


Star's altitude apparent 30 10/ ; 
Dip and refraction 64 


Correct altitude 30 3 4 
Star's co-declination 27 03 N. 


Sum is latitude 57 064 N. by Prob. II. 


Example 6. June 11, 1770, the ſun's meridian alti- 
tude of the upper limb below the pole was obſerved to be 
2* 08', The height of the obſerver's eye being 16 feet 
—Required the latitude. EE. . 
| T3: Sun's: 


— * 0 9 * — —_— 
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Sun's apparent altitude upper limb 2% o8' 
— dip, refraction, and ſemidiam. 38 


* 


Correct alt. 1 30 
Sun's declin. 23008. N. it's comp. 66 52 N. 


% 


Sum is lathtude 68: 22 N. 


_- * 


Or Tue Back OBSERVATION. 


In quadrants of the common conſtruction the fore 
obſervation extends only to the admeaſurement of angles 
not exceeding go degrees: in order to make it uſeful as 
far as 180 degrees, the horizon glaſs and it's ſight are 
added, 

But as there are not many occaſions at ſea for making 
uſe of the back obſervation ; and as it is far from being 
ſo cafy in praQice as the fore, and the adjuſtments are 
very difficult, mariners ſeldom pay much attention to it, 
though alittle attention and exerciſe would probably ſoon 
ſurmount thoſe difficulties. 
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Or THE ADJUSTMENTS. 


The back obſervation is ſo called, becauſe the back is 
turned upon one of the two objects whoſe angular diſ- 
tance 1s to be meaſured. 

The adjuſtment conſiſts in making the reflected image 
of the object behind the obſerver coincide with another 
feen directly before him, at the ſame time that the index 
diviſion of the-nonius is directly againſt the o diviſion of 
the arch. | 

The 


Or HADIE YS QuaDranT. 37 


The method, therefore, of adjuſting it, conſiſts in mea- 
ſuring the diſtance of two objects nearly 180 degrees 
apart from each other; the arc paſſing through each ob- 
ject muit be meaſured in both it's parts, and if the ſum 
of the parts be 360 degrees, the ſpeculums are adjuſted; 
but if not, the axis of the horizon glaſs muſt be moved 
till this ſum 1s obtained. 

Set the index as far behind o as twice the dip of the 
horizon amounts to; then, look at the horizon through 
the lit near G, and at the ſame time the oppoſite edge of 
the ſea will appear by reflection inverted, or upſide down. 
By moving the lever of the axis (if neceſſary), the edges 
may be made to coincide, and the quadrant is adjuſted. 

There is but one poſition in which the quadrant can 
be held with the limb downwards, without cauſing the 
reflected horizon to croſs the part ſeen by direct viſion. 

If, on trial, this poſition be found to be that in which 
the plane of the quadrant is perpendicular to the horizon, 
no farther adjuſtment is neceſſary, than the fore-men- 
tioned one ; but if the horizons croſs each other when 
the quadrant is held upright, obſerve which oy of the 
reflected horizon is loweſt. ? 

If the right-hand part be loweſt, the ſunk ſcrew which 
is before the horizon-glaſs muſt be tightened after flack- . 
ening that which is behind the glaſs; but if the right 
hand is higheſt, the contrary muſt be performed: this 
adjuſtment is, however, of much leſs importance than 
the preceding, as it does not fo much affect — 
meaſured, | 


: _ Incon- 
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IncONVENLENCIES AND INACCURACIES OF THE 
Back OBSERVATION. . 


The occaſions, in which the back obſervation is to be. 
uſed, are when the altitude of the ſun or a ſtar are to be 
taken, and the fore horizon is broken by adjacent ſhores, 
er when the angular diſtance between the moon and ſun, 
or a ſtar, exceeds go degrees, and is required to be mea- 
- ſured for obtaining the longitude at ſea : but there are 
_ - objections to it's uſe in both cafes; for if a known land 
he a few miles to the north or ſouthward of a ſhip, the 
latitude may be known from it's bearing and diſtance, 
without having recourſe to obſervation : and again, if 
the diſtance of the land in miles exceed the number of 
minutes in the dip, as is almoſt always the caſe in coaſt- 
ing along an open ſhore, the horizon will not be broke, 
and the fore obſervation may be uſed ; and laſtly, if the 
land be too near to uſe the fore obſervation, it's extreme 
poinls will in general be ſo far aſunder, as to prevent 
the adjuſtment, by taking away the back horizon, In 
the caſe of .meaſuring the angular diſtances of the hea- 
venly bodies, the very great accuracy required in theſe 
obſervations, makes it a matter of importance that the 
adjuſtments ſhould be well made, and frequently ex- 
amined into. But the quantity of the dip is varied by 
the pitching and rolling of the ſhip ; and this variation, 
which is perceptible in the meaſuring altitude by the fore 
obſervation, is doubled in the adjuſtment for the back 
obſervation, and amounts to ſeveral minutes. It is like- 


vow . difficult, i in a ſhip under way, to hold-the 
5 quadrant 
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quadrant for any length of time, ſo that the two hori- 


zons do not croſs each other, and in the night the edge | 


of the ſea cannot be accurately diſtinguiſhed. All theſe 
circumſtances concur to render the adjuſtment uncertain; 
the fore obſervation is ſubje& to none of theſe incon- 
veniencies. * 


* Nicholſon's Navigator's Aſſiſtant, 
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DESCRIPTION, USE, 


METHOD or ADJUSTING 1 
HADLEY's SEXTANT, 


AS MADE AND. $0LD 


By GEORGE ADAMS, 
Mathematical Inftrument Maker to His Majeſty, and Optician to His Royal 
Highneſs the Prince of Wales, | 


At Trcuo Baanz' $ Head, No. 60, FLEET- STREET, LONDON. 
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S the taking the angular diſlances of the moon and 

the ſun, or a ſtar, is one of the beſt and moſt 
accurate methods of diſcovering the longitude, it was 
neceſſary to enlarge the arch of the octant to the ſixth 
part of a circle; but as the obſervations for determining 
the longitude muſt be made with the utmoſt accuracy, 
the framing of the inſtrument was alſo altered, that it 
might be rendered more adequate to the ſolution of this 


important problem. Hence aroſe the preſent conſtruction 


. of the . in the deſcription of Which, it is pre- 
F ſumed 
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ſumed that the 18 pages have how read, otherwiſe 
we ſhould be obliged to repeat the ſame obſervations. 

Sextants are moſtly executed (ſome trifling variations 
excepted) on two plans; in the one, all the adjuſtments 
are left to the obſerver. He has it in his power to examine 
and rectify every part of his inſtrument : this mode is 
founded on this general principle, that the parts of no 
inſtrument can be ſo fixed as to remain accurately in the 
ſame poſition they had when firſt put out of the maker's 
hand; and that therefore the principal parts ſhould be 
made moveable, that their poſitions may be examined 
and rectiſied from time to time by the obſerver. 

In the ſecond conſtruction, the principal adjuſtment, 
or that for the index error, is rejected; and this rejection 
is grounded upon two reaſons: 1. That from the nature 
of the adjuſtment it frequently happens that a ſextant 
will alter even during the time of an obſervation, with- 
out any apparent cauſe whatever, or without being 
ſenſible at what period of the obſervation ſuch alteration 
took place, and conſequently the obſerver i is unable to 
allow for the error of adjuſtment. 

2. That this adjuſtment is not in itſelf ſufficiently 

exaQ, it being impoſſible to adjuſt a ſextant with the 
fame accuracy by the coincidence of two images of an 
object, as by the contact of the limbs thereof; and 
hence experienced and accurate obſervers have always 
directed the index error to be found, which renders the 
adjuſtment of the horizon glaſs, in this direction, uſeleſs ; 
for it iseafy to place it nearly parallel to the index glaſs, 
when the inſtrument is made, and then to fix it firmly 
in that poſition by ſcrews. The utility of this method 


is 
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is ſaid to be confirmed by experience: many ſextants, 
whoſe index had been determined previous to their being 
earried out to India, have been found to remain the 
fame at their return. . 
Noterichſtunding the probable certainty of the horizon 
glaſs remaining permanently in it's ſituation, the ob- | 
ſerver ought from time to time to examine the index 
error of his inſtrument, to ſee if it remains the ſame ; 
or to correct it, if any alteration ſhould have taken 
place. 
One material point in the formation of a ſextant is ſo 
to conſtruct it, that it may ſupport it's own weight, 
and not be liable to bend by any inclination of the plane 
of the inſtrument, as every ſuch flexure would alter the 
relative poſition of the mirrors, on which the Sega 


eee OF THE SEXTANT, 


Fig. 4, repreſents the ſextant, ſo framed, as not to be 
liable to bend. The arch A A is divided into 120 
degrees, each degree is divided into three parts, of courſe 
equal to 20 minutes, which are again ſubdivided: by the 
nonius into every half minute, or 30 ſeconds: ſee: the 
nature of the nonius, and the general rule for eſtimating 
the value thereof, in the preceding part of this pamphlet. 
Every ſecond diviſion, or minute, on the nonius is cut 
longer than the intermediate ones. The nonius is num- 
bered at every fifth of theſe longer diviſions, from the 
n Ws with's, 10, 15, and 20, the firſt 
at och Hans xd ar ge: 1 200 


at ſea, to take off the ſtrong glare of the horizon. 
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de towards the right hand being cn, as 
the index diviſion. K 
In order to obſerve with accuracy, and make the 
images come preciſely in contact, an adjuſting ſerew B 
is added to the index, which may thereby be moved with 
greater accuracy than it can by hand ; but this ſcrew 
does not act until the index is fixed by the finger ſcrew C, 
Care ſhould be taken not to force the adjuſting ſcrew 
when' it arrives at either extremity of it's adjuſtment, 
When the index is to be moved any conſiderable quantity, 
the ſcrew C at the back of the ſextant mult be looſened; 
but when the index is brought nearly to the diviſion 
required, this back ſcrew ſhould be tightened, and then 
the index may be moved gradually by the adjuſting ſcrew, 
There are four tinged glaſſes at D, each of which is 
ſet in a ſeparate frame, that turns on a center: they 
are uſed to ſcreen and ſave the eye from the bright- 
neſs of the ſolar image and the glare of the moon, and 
may be uſed nr, or together, as occaſion 
— 
© "There are three more ſuch glaſſes placed behind the 
e glaſs at E, to weaken the rays of the ſun or moon, 
*when they are viewed directly through the horizon glaſs, 
The paler glaſs is ſometimes uſed in obſerving altitudes 


"The frame of the index glaſs I is firmly fixed by a 
ſtrong cock to the center plate of the index. The hori- 
"Zon glaſs F is fixed in a frame that turns on the axes or 
"pivots, which move in an exterior frame: the holes in 
. which the pivots. move may be tightened by four ſcrews 
in the exterior frame; G is a ſcrew by which the horizon 


glaſs 
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gals. may; be fot perpendicular to the: plane. of the infins. f 
ment; {hould this ſcrew” become looſe, or moye too eaſy, 
it may be eaſily tightened by turning the capſtan-headed 
ferew H, which is on one fide the een 
the ſtem of the finger-ſcrew paſſes. 
Ihe ſextant is furnilbed with a plaio tube, fg. 7, with- 
r and to reader the objects ſtill more diſ- 
tinct, it has alſo two te leſcopes, one, ſig · gu, repreſenting 
the objects erect, or in their natural poſition. The longer 
one, ſig · G. ſhews them inverted; it has a large field of 
view, and other advantages; and a little uſe will ſoon ac» 
cuſtom the obſerver to the inverted poſition, and the in- 
ſtrument will be as readily managed by it as by the plane 
tube alone. By a teleſcope, the contact of he ĩmages is 
more perfectly diſtinguiſhed; and by the place of the images 
in the field of the teleſcope it is eaſy to perceive whether 
the ſextant is held in the proper place-for'obſervation, | 
By fliding the tube that contains the eye-glafſes in the 
inſide of the qther tube, the object ĩs ſuited. to different 
eyes, ne Tarn c 
defined. | 
The teleſcopes are to a N ee nick, 
at K; this ring reſts on two points againſt an exterior 
| ring, and is held thereto by two ſcrews: by turning ane 
or the other of theſe ſcrews, and tightening. the ather, 
cke axis of the teleſcope may be ſet parallel to the plane 
of the ſextant. Theexrerior ring is fixed on a triangular ©; 
braſs ſtem that ſlides in a ſocket, and by means af a ſcrew 
at the back of the quadrant, may be raiſed or lowered ſo 
as to move the center of the teleſcope to point to that 
part of the horizon-glaſs which ſhall be judged the moſt 
8 7 > fit 
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fit for obſervation. Fig. 8, is a circular head, with tinged 
glaſſes to ſcrew on the eye-end of either of the teleſcopes, 
or the plane tube, The glaſſes are contained in a cir- 
cular plate, which has four holes ; three of theſe are fitted 
with tinged glaſſes, the fourth is open. By preſſing the 
finger againſt the projecting edge of this circular plate, 
and turning it round, the open hole, or any of the tinged 
. glaſſes, may be brought between the eye-glals of the te- 
Jeſcope and the eye. 

| — 9, a ſmall ſcrew-driver. ou 10, a 33 
2 'To FIND THE INDEX ERROR OF THE SEXTANT. 


To find the index crror, is, in other words, to ſhew 

-what number of degrees and minutes is indicated by the 
„ e = _ jg 
coincide with each other. 

” n malt certain prethod.of alcer- 
taining this error, is by meaſuring the diameter of the 
fun, with the index on the arch of exceſs beyond the o of 
the limb, and alſo to the left of the o. If the numbers 
ſhewn, on the arch be the ſame in both caſes, the glaſſes 
are truly parallel, and there is no index error; but if the 
numbers be different, then half the difference is the index 
error. 

Several obſervations of the ſun's diameter being made 
| in this manner, and a mean of the whole being taken, 
| the index error may be found to very great exactneſs. 

In other words, the difference between the degree and 

minute ſhewn by the index: 1ſt, when the lower reſlected 

uud ol the ſun is exactly in contact with the upper limb 

3 of 
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of the ſun; and ſecondly, when the upper edge of the 
image is in contact with the lower edge of the object, 
divided by 2 will be the index error. / 

If the number read with the index to the right of o on 
the arch is the greateſt, then the index error muſt be 
added to the number read off on the arch. But on the 
contrary, if the greateſt number be found when the index 
is to the left hand of o, then the index error muſt be ſub- 
tracted from the number read off on the arch, in order to 
obtain the true angular diſtance between any two objects. 
It is, however, to be obſerved, that when the index is on 
the arch of exceſs, or to the right of o, the compliment 
of the numbers ſhewn on the nonius to 20 BOY 
ſet down. 

Example. Let the numbers of minutes Down by the 
index to the right of zero, when the limbs of the two 
images are in contact, be 20 minutes, and the odd num- 
| ber ſhewn by the nonius be 5, the compliment of this 

to 20 is 15, which, added to 20, gives 35 minutes; and, 
ſecondly, that the number ſhewn by the index, when on 
the left of zero, and the oppoſite limbs are in contact, be 
20 minutes, and by the nonius ꝙ 30”, which makes to- 
gether 29 30”; this ſubtracted from 35 gives 5 30%, which 
divided by 2, gives 2' 45" for the index error 3 and be- 
cauſe the greateſt of the two numbers thus found was 
when the index was to the right of the o, this index 
error muſt be added to the number of degrees ſhewn on 
the arch at the time of an obſervation. | 


2 Driscxtrrfrok Aub UsE 


/ | 9 


To sxr THz Hoxrzox Ges PERPENDICULAR ro 


THE PLANE OF THE SEXTANT. 


Direct the teleſcope to the ſun, a ſtar, or any other 
well-defined object, and bring the direct object and re- 
fleQted image to coincide nearly with each other, by 
moving the index; then ſet the two images parallel to 
the plane of the ſextant, by turning the ſcrew, and the 
images will paſs exactly over each other, and the mirror 
will then be adjuſted in this direction. | 


To SET THE Ax1s OF THE TELESCOPE PARALLEL 
TO THE PLANE or THE SEXTANT. | | 


— that in meaſuring angular 
diſtances the line of ſight, 6r plane of obſervation, ſhould 
be parallel to the plane of the inſtrument, as a deviation 
in that reſpe& will occaſion great errors in the obſerva- 
tion, and this is moſt ſenſible in large angles: to avoid 
theſe, a teleſcope is made uſe of, in whoſe field there are 
placed two wires parallel to each other, and equidiftant 
from the center. By theſe wires, when they are placed 
parallel to theplane of the ſextant, the obſerver can, not 
only determine the center of the field or axis of the te- 


leſcope, but alſo properly adjuſt the axis of the teleſcope. 


To apjusr THe TetescoPe. Sang 


Screw the teleſcope in it's place, and turn the eye-tube 


| round, that the wires in the focus of the eye- glaſs may be 


parallel 
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parallel to the plane of the inſtrument ; then ſee two 
objects, as the ſun and moon, or the moon and a ſtar; 
whoſe diſtance ſhould, for this purpoſe, exceed 90 de- 
grees. Move the index, ſo as to bring the limbs of ths 
ſun and moon, if they are made uſe-of pxaftly, in edn- 
tact with that wire which is neareſt to the plane of ths * 
| extant, fix the index there; then, by altering a little ths 
poſition of your inſtrument, make the images appear bi 
the wire furtheſt from the ſextant, If the neareſt fiinbs 
be now preciſely in contact as they were before, en this 
axis of the teleſcope is in it's right ſituation, But if hd 
limbs of the two objects appear to ſeparate at the wits 
that is furtheſt from the plane of the inſtrutnent, it ewa 
that the object end of the teleſtope inclines towards the 
plane of the inſtrument, and muſt be tei, by tights 
unturned the ſcrew furtheſt from it. If the images over» 
lap each other at the wire furtheſt from th ſentant, the 
higheſt ſcrew muſt be turned towards the right, and the 
loweſt ſcrew towards the left : by repeating this operation 
a few times, the contact will be preciſely the ſame at hot 
wires, and conſequently the anis of the teleſcope will be 
e on 5 


| TI 


To a8 ann ot THE Mane AT * 


The enlightened ads een es Ma 
is round and well defined, muſt be brought in conts@ 
witirthe horizon, whether it he the upper or under edge; 
in other reſpects the ſame method is to be uſed initaking 
the altitude of the moon as was directed for the ſun, _ 
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. enlightened limb ig 
turned towards the weſt: and during the time from the 
full to the new moon, the enlightened limb is 1 
towards the eaſt. 
It that teleſcope hich ſhews objes inverted be uſed, 
then! the upper edge or limb of the moon will appear the 
blower, the leſt fide will appear the right, and the 
-.\ The wires of the teleſcope ſhould: be turned parallel to 
the plane of the inſtrument, as by keeping them in a 
perpendicular direction, they will ſerve at night as a 
guide for holding the ſextant in a vertical poſition, which 
' cannot otherwiſe at that time be readily aſcertained. 

The moon is generally bright aan 
reflection from the ankilvered: part of the glaſſes ; if not, 
. earning 
inſtrument. 

„„ eee ee 
reQions, in order to obtain th tnx alttus of he center 
above the horizon. 

Correction 1. For the ſemi-diameter, This is10 be 

found in the nautical almanack, page 7, of every month 

P If the 

lower limb was obſerved, add the ſemi-diameter thus 
found. If the upper 2 it muſt be 

lubtradted. 

Correction 2. For the dip of the horizon to be fk 

tratted. 

roo ven For ration. This is to be N 
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Correction 4. The moon's parallax in altitude, 
This is to be added in the obſerved altitude. It is to bo 
found in the requiſite tables to the nautical almanack. 


To DETERMINE THE LONGITUDE ATSEA, BY TAKING 
THE ANGULAR DISTANCE BETWEEN THE Moon 
AND ANY CELESTIAL OBJECT. 


The latitude is obtained at ſea, without difficulty, and 
with as much accuracy as is requiſite for nautical pur- 
poſes ; but the motion of the earth on it's axis prevents 
our aſcertaining the longitude with the ſame facility: 
and hence it is that moſt methods of determining the 
longitude by celeſtial obſervation, conſiſt in diſcovering 
the difference of apparent time between the two places 
under conſideration. 

The angular motion of the moon being much greater 


it's place is much better adapted to diſcover ſmall dif- 
ferences of time, than ſimilar obſervations | made with 
any other inſtrument. - The only practical method of 
obſerving it's place at ſea, is that of meaſuring the angu- 
nnn 7 


= 


 GsnaRrAL DinecTIONS. 


| The moſt obſcure, or rather, the leaſt luminous of the 
two objects mult be viewed direAly, and the other muſt 
be brought by refleQion in apparent contact with it. 

The well-defined image of the moon muſt be always 
els whe of Jar tha eee 
Ga neceſſary 


than that of any other celeſtial body, the obſervation of . 
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eee eee we eng image 


pals beyond the other. | 
In the night-time it is en down one or 


more of the green ſcreens, to take off the glare of the 
moon, which would otherwiſe prevent the ſtar from 
being ſeen. . 


To FIND THE DISTANCE BETWEEN THE Moon 
— the AND THE SUN. 


The central diſtances of the ſon and moon every three 
hours of time, at Greeawich, on ſuch days as this 
method is practicable, are ſet down in the nautical 
almanack. From theſe diftances you are to compute 
roughly the diftance 1 neareſt limbs wad ens 
time of obſervation. - 
Mr. Ludlam fays, the moon ſhould be viewed direAtly 
through the unſilveret! part of the horizon glaſs, but the 
ſun by reflection, and if we ts ne, es from the un- 
fivered part of the glaſs. 7 

If the fun be to the left hand of the moon, the ſextant 
muſt be held with it's face downwauds ; but with the face 
upwards, if the fun be to the right hand of the moon. 
Set the index to the diſtance of the neareſt limbs of 
the ſun and moon, computed roughly as above; and 
placing the face of the ſextant agreeable to the foregoing 
rules,” direct the teleſcope to the moon, putting the 
ſextant into ſuch a poſition, mat if 'you lock edge - ways 
againſt it, it may ſeem to fort a line paſſing through 
the fun and moon, a circumſtance that can be only 
| Atained by praffice, the parent of tels; then give the 


ſextant 


Or Hadtzy's SzxTANT. =. 


ſextant a ſweep or ſwing round a line parallel to the at is 
of the teleſcope, and the reflected image of the ſun will 
paſs by the moon to and fro, ann 
of ſeeing it. 14 

The neareſt edges, or limbs, nn 
exact contact, by moving the index, and then uſing the 

juſting ſcrew; obſerving, firſt, that on giving bs 
ſextant a motion round the axis of the teleſcope, - he 
images of the ſun and moon only touch at their external 
edges, and that the body of the ſun muſt not paſs over, 
or be upon the body of the moon. And ſecondly,” that 
the edge of the fun touch the round or enlightened edge 
of the moon. Then will the index point out the obſerved = 
eee = gol gg 
moon. 

c ets Ghana 
before the true diſtance of the centers of the objects, 'as 
feen from the center of the earth, can be found.  '- 

Correction 1. Is the ſum of their  ſemi-diameters; . 
which is to be added, to give the nn 
the centers of the ſun and moon. | +l 

| The ſemi-diameter of the ſun eee 
of the moon for every noon and midnight, at Greenwich, 
are to be found in the nautical ephemeris : from theſe 
their ſemi-diameters-are to be computed at the time of 
obſervation, by the rules to be found in the ſame work. 
+ CorreQtion 2. Is to free the apparent diſtance of the 
effect of refraction and parallax; which will then be the 
— 2 wan 
from the earth. 


- 


Far 
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how to uſe them, are to be found among the requiſite 
tables of the nautical almanack : or by a ſet of tables, 
publiſhed for that purpoſe by the Board of Longitude, - - 


To-taxs THE DisTANCE BETWEEN THE Moon 

AND SUCH STARS AS ARE SELECTED IN THE 
NAurical ALMANACK, FOR THE PURPOSE oF 
* FINDING THE LoncrTUDE AT Sta. 


* 


"The diſtarice bf theſs ſiars ſiom the Mots center for 
every three hours, at Greenwich, is given in the nautical 
almanack, from whence their diſtance from the enlight- 
ened edge may be roughly computed as before. 

The ſtar muſt be viewed directly; the moon is gene- 
rally bright enough to be ſeen by refleQion from the 
unſilvered part of the glaſs ; the proper ſhade to take off 
the glare of the moon is ſoon found. - When the ſtar is 
to-the left hand of the moon, the ſextant muſt be held 
with it's face upwards ; . e eee, e 42 
hand of the moon, with it's face downwards. 12 

Set the index to the diſtance roughly mend, and 
placing the face of the octant by the foregoing rules, 
direct the teleſcope to the ſtar, Then place the ſextant ſo 
hat if ſeen edge-ways it may ſeem to form a line paſſing 
| through the moon and ſtar, and give it a ſweep round a 
line parallel to the axis of the teleſcope, and the reflected 
image of the moon will paſs ſo near by the ſtar, that you 
will ice it in the field of the teleſcope : a proof that the 
„ 10 


The 


For this purpoſe, two ſets of tables, with directions 


Oy HaDLey's SVA xe. '55 


The efflightened edge of the moon, whether eaſt or 
weſt, muſt then be brought into contact with the ſtar, by 
moving the index. To know whether the contact is 
perfect, let the quadrant gently vibrate in a line parallel 
to the axis of viſion, for the ſtar ſhould juſt graze the 
edge, without entering at all within the body of the 
moon; when this is the caſe, the index will ſhew the 
eee chvmocn Gods hp lag inileh; whe 
corrected, gives the true one, 

Correction 1, For the — . 
This may be ſound in the nautical almarack for every 
noon and midnight, at Greenwich; and from thence - 

| ſervation. If theobſerved or enlightened limb be neareſt 
the tar, the ſemi-diameter thus found is to be added; 
EEC 
the ſemi-diameter is to be ſubtracted; 
Correction 2. Is for refraBtion "tied pling; to be 
found from the tables as directed before for the ſun and 
moon. 
true diſtance of the moon's center from the ſtar, as ſeen 
from the center of the earth. From this diſtance, andthe 
time of obſervation, the longitude may be found. i 

The ſtar to be obſerved is always one of the brighteſt, 
and lies in a line nearly perpendicular to the horns of the 
moon, or her longer axis ; but if you have any doubt 
whether the ſight be directed to the proper ſtar, ſet the 
index ta the ſuppoſed diſtance as before, hold the ſextant 
as near as you can judge, fo that it's plane, ſeen edge- 
ways, may coincide with the line of the moon's ſhortep 
; oF e 
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Aris, and moving it in that plane, ſeek the reflected 


image of the moon through the teleſcope. Having found 
the reflected image of the moon, turn the ſextant round 
the incident ray, that is, a line paſſing from the moon to 
the inſtrument, and you will perceive through the teleſcope 
all thoſe ſtars which have the diſtance ſhewn by the index.; 
but the ſtar to be obſerved lies in a line nearly perpendi- 
cular to the horns of the moon, nn be 


no — of e it. „ 51; . | ; 
| AN IMPORTANT REMARK: 


* 


bee te erdetees en b Blair's dd not ccthy 
ſoon enough to be inſerted in it's proper place, and yet was of tos much 
conſequence to be altogether negleted. Refides the errors already men- 
tiened, to which the Hadley's quadrant, c. is liable, there is another, | 


| which ſeems inſeparable from the conſtroction and materials of the 


inſtrument. eee, eee 
refiſtance it meets with in turning round it's center. 

To obviate this error, e eee eee > Bk be 
obſervations, by moving the index in ha 2gn Gerttien which, was uſp 5 
ſexting it to o for adjuſting, or in finding the index error, 

The dicedtion of the motion is indeed idle; but as the Gba 
praftiice in obſerving is w finiſh the obſervations by a motion of the index 
from © towards 90, it would be well if the obſerver would adopt it 2 
general rule, to finiſn the motion of the index, by puſhing it from him, or 
turning the ſcrew in that direction which carries jr farther from him. By 


timing the motion of the index, we mean that the Taft motion of the index 


ſhould be for fome minutes of 2 degree at leaſt in the required direGtion. | 
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ASTRONOMICAL OBSERVATIONS AT I aB. 4 
. Ls £1 - ' 34 


HE only neceffary addition to the ſextant, in order 
=» to employ it with ſucceſs in aſtronomical obſerva 
tions at land, is an artificial horizon. The portability 
of the ſextant, it's cheapneſs, compared with other 
aſtronomical inftruments, the eafe with which it ig 
uſed, and the accuracy of the obfervations that may be 
taken by it, are ſtrong recommendations in it's favout. 
The artificial horizon generally uſed, is a ſmall box, 
or trough, to hold quickſilver, with a parallel plane of 
glaſs to float on the quickſilver; the glaſs prevents the 

vacillation of the ſurface of the quickſilver, which would 
otherwiſe impede the obſervation: To ſcreen the ſutface 
further from the action of the wind, two planes of -paral- 
Jet glaſs, ſet in a proper frame, in form of the ſlant- 
roof of a houſe, make a part of the apparatus. The box 
now in uſe is a contrivance of Mr. Wright's. ' The 
quickſilver may be poured in through a hole in the ſide, 
ſo as to raiſe of itſelf the glaſs plane, which is ground ſo 
as to fill nearly the circular ſpace within which it floats. 
The angle, obſerved by means of the artificial horizon, 

is always double the altitude of the ſtar, &c. above the 
horizon; conſequently, you cannot take an altitude of 
more than 45 with an octant, or of 60 by the ſextant. 

| Every thing being ready, and the inſtrument properly 
a aquſted, move back ward, till you ſee the reflected image 
of the ſun in the water. If this image be bright, turn 
H 5 one 
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one or more of the dark glafſes behind the horizon 
glaſs. . 

Hold now the ſextant in a vertical plane, and direct 
the ſight to the ſun's image in the artificial horizon. 


Then move the index till you ſee the other image reflected 


from the mirrors come down to the ſun's image ſeen in 
the horizon, ſo as to touch, but not paſs it: then bring 
the edges in contact in the middle between the wires of 
the teleſcope, as before directed. ** 
arch will ſhew the double altitude. 

Correct the double altitude for the index error, before 


- you halve it. Then to this half altitude add the ſun's 
ſemi· diameter, and ſubtract the correction for — 
and you will have the true altitude of the ſun's 


— — | 
rue altitude of « ſtar muſt be the mn 
a that of the ſun: the double altitude muſt be corrected 


forthe index error, if any, then halved, and this half 
corrected for refraction, gives the true altitude above the 


22 


a | ef. | 2 
To OBSERVE CORRESPONDING ALTITUDES OF THE 


SuN. 


© © The baſis of all aſtronomical obſervation is the deter- 
"mination of the exact time of any appearance in the hea- 


vens. By correſponding altitudes this time may be 
determined, without the apparatus of a fixed obſervatory ; 


they are alſo uſeful in finding a meridian line, and may 
© be eaſily and accurately made by a ſextant. 


For 


5 + TY * 
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with a clock. Theſe altitudes ſhould be obſerved (in our 
latifude) at leaſt two hours diftant from noon. The beſt 
time is when the ſun is on or near the prime vertical, 


that is, the eaſt or weſt points of the compaſs. 
About theſe times in the forenoon, take ſeveral double 


altitudes of the ſun, write down the degrees and minutes 


ſhewn on the arch, and alſo the exact time ſhewn by the 


clock at each obſervation, and let the different obſerva- 
tions made in the forenoon be written one below the 


other in the order they are made. 


In the afternoon ſet the index to the ſame degree 4 


minute as the laſt morning obſervation ; note very ex- 


actly the time ſhewn by the clock when the fun is come 


down to the ſame altitude, and write down the times on 
te right hand of the laſt morning obſervation ; proceed 
in the ſame manner to find the time by the clock, of all 
the altitudes correſponding to thoſe taken in the morning, 


and write down each oppoſite to COIN to 


which it correſponds. 

Take now the firſt pair of correſponding avid add 
them together, and to half their ſum add ſix hours: this 
being corrected for the change of the ſun's declination 
between the marning and evening obſervations, you will 
have the time of ſolar noon derived from this pair of ob- 
ſervations, Do the ſame for each pair, and take the 
mean of the times thus found (from each pair), and you 
will have the exact time ſhewn by the clock at ſolar 
noon. 0 
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For theſe obſervations, it is neceſſary to be provided 5 
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Ihe time, by the clock, of the ſolar or apparent noon 
being thus obtained, the time of the mean noon may be 


had, by applying the proper equation of time. 


1 0 
Os HaDLty's SEXTANT, AS USED IN SURVEYING, 


No inſtrument can be ſo conveniently uſed for taking 
angles in maritime ſurveying, as Hadley's ſextant. It is 
uled with equal facility at the maſt head, as upon deck, 
by which it's ſphere of obſervation is much extended : 
for ſuppoſing many iſlands to be viſible from the maſt 
head, and only one from deck, no uſeful obſervation can 


may be taken at the maſt head from the one viſible object 
with great exactneſs; and further, taking angles from 
heights, as hills, or a ſhip maſt's head, is almoſt the 
only way of exaQtly deſcribing the figure and extent of 
ſhoals, . * 
It has been objected to the uſe of Hadley's ſextant for 
: ſurveying, that it does not meaſure the horizontal angles, 
by which alone 2 plan can be laid down. This obſerva- 
tion, however true in theory, may be reduced in practice 
” a little caution. 

Ilan angle be meaſured between an object on an ele- 
ation,” and another near to it in a hollow, the difference 
between the baſe, which is the horizontal angle, and the 
ypothnuſe, which is the angle obſerved, may. be very 
great ; but if theſe objects are meaſured, not from each 
other, but from ſome very diſtant object, the difference 
between the angles of each from the very diſtant objeQ, 


will be very near the fame as the horizontal angle. 
Ta 


be made by any other inſlrument. But by this, angles 


= Or HaDLEyY's SEXTANT, 


This may be till further carrected, by meaſuring the 1 4 


* 
* 9 
© 
1 

ns, 


angle not between an object on a plane and an object an 


an eleyation, but between the object on a plane and ſome 


object in the ſame direction, as the elevated N 
which the eye is ſuſſiciently able to judge. 


How ro OBSERYE THE HORIZONTAL ANGLE,” OR 
ANGULAR DISTANCE, BETWEEN TWO OBJECTS, ' 


Firſt adjuſt the ſextant, and if the objects are not 
ſmall, pitch on a ſharp top, or corner, or ſome ſmall 
diſtin& part in each to obſerve ; then having ſet the index 
to o deg. hold the ſextant harizontally, as above directed, 
and as nearly in a plane paſſing through the two objects 
as you can; direct the ſight through the tube to the left 
hand object, till it is ſeen directly through the tranſparent 


part of the horizon glaſs : keeping that object ſill in 


ſight there, move the index till the other object is ſeen 2 
reflection in the ſilvered part of the horizon glaſs ; 


bring both objects together by the index, and by + in- 


clination of the plane of the ſextant when neceſſary, till 
they unite as one, or appear to join in one vertical line, 
in the middle of the line which divides the tranſparent 
and refleCting parts of the horizon glaſs: the two objects 


thus coinciding, or one appearing dizeftly below the 
other, the index then ſhews on the limb the angle which 


the two objects ſubtend at the naked eye. This angle is 
always double the inclination of the planes of the two 
reflecting glaſſes to one another; and therefore every 
degree and minute the index is actually moved from o, 
to bring the two objects together, the angle ſubtended by 
them at the eye will be twice that number of degrees and 
* * q 6 #4 | ©. * 
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minutes; and is accordingly numbered fo on the arch of 


the ſextant ; which is really an arc of 60 degrees only, 


but graduated into 120 deg. As this has been demon- 


rated in ſeveral books and 1 it is needleſs to 


inſiſt on it here. 


The angle found in this manner between two objects 
that are near the obſerver, is not preciſe; and may be 
reckoned exact only when the objects are above half a 
mile off, For, to get the angle truly exact, the objects 
ſhould be viewed from the center of the index glaſs, and 
not where the fight vane is placed; therefore, except the 
objects are ſo remote that the Slice betwotn ths 40 
glaſs and ſight vane vaniſhes, or is as nothing compared 
to it, the angle will not be quite exact. This inaccuracy 


| in the angle between near objects is called the parallax of 
the inſtrument, and is the angle which the Yiſtance be- 


tween the index glaſs and ſight vane ſubtends at any near 
object. It is ſo ſmall, that a ſurveyor will ſeldom have 


occaſion to regard it; but if it ſhall happen that great 


accuracy is required, let him chuſe a diſtant object exactly 


In a line with each of the near ones, and take the angles 


between them, and that will be the true angle between 
the near objects. Or, obſerve the angle between near 
ohjects, when the ſextant has been firſt properly adjuſted 
by a diſtant object; then adjuſt it by the left-hand object. 


which will. bring the index on the arch of exceſs beyond 


© degrees : add that exceſs to the angle found between 
the objects, and the ſum will be the true angle between 
them. If one of the objects is near, and the other diſtant, 


and no remote object to be found in a line with the near 
one, adjuſt the ſextant to the near object, and then take 


the 


* 
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\ 


the angle between them, and the error r vin be 
removed. | 


To EXAMINE THE GLASSES OF A SEXTANT, 
OR QUADRANT. | . A. 


1. Tofind Ade two ſurfaces of any one of the 
reflecting glaſſes be parallel, apply your eye at one end of 
it, and obſerve the image of ſome object reflected very 
obliquely from it ; if that image appears ſingle, and well 
defined about the edges, it is a proof that the ſurfaces ars 
parallel: on the contrary, if the edge of the reflected 
images appear miſled, as if it threw a ſhadow from it, or 
ſeparated like two edges, it is a proof that the two fur- 
faces of the glaſs are inclined to each other: if the image 
in the ſpeculum, particularly if that image be the ſun, be 
viewed through a {mall teleſcope, the examination will 
be more perfect. 

2. To find whether the ſurface of a refleAing glaſs be 
plane. Chuſe two diſtant objects, nearly on a level with 
each other ; hold the inſtrument in an horizontal poſition, 

vie the left hand object directly through the tranſparent 
of the horizon glaſs, and move the index till the 
ed image of the other is ſeen below it in the ſilvered 
part; make the two images unite juſt at the line of ſepa- 
ration, then turn the ip{trument round flowly on it's 
| own plane, fo as to make the united images move along 
the line of ſeparation of the horizon glaſs. If the images 
continue united without receding from each other, or 
varying their reſpective poſition, the reflecting ſurface is a 
good plane. | 


2 To 
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© 4. To find if the two ſurfaces of a red or darkening 
glaſs are parallel and perfectly plane. This muſt be 
done by means of the ſun when it is near the meridian, 
in the following manner: hold the ſextant vertically, and 
direct the ſight to ſome object in the horizon, or between 
and the ſky, under the ſun; turn down the red glaſs, 
and move the index till the reflected image of the ſun is 
in contact with the obje& ſeen directly: fix then the 
index, and turn the red glafs round in it's ſquare frame; 
view the ſun's image and object immediately, and if the 
ſun's irtrage is neither raiſed nor depreſſed, but continues 
In contact with the object below, as before, then the 
e are true 


83 17 

1 F : 
— 

- 

2” ©. 7 


Om 
H*+ 77 14 ” 


Wc. TABLE 


ao. 


( 65 ) 


— — 


— 


TIA Hf 17% | 


— 


A TaBLE of the DzrxESS ION or Dir of the 
j © HormzON of- the BEA. 


. 
k 
— — — ö 


* 


| 

— 

gt | 
43 
5 
1 

— 


| 


1 


= w | as Ws = 
5488 8188885 


* 


n 


| 


—_— 


| 


883. 


| 
| 


_— 
— 


| 


fers rere erer frre 


* 


8 


— 


— 


” 
PE army wwe a ß „ tr 3 K I 
= 


on — ——— mes A og aw, , 


— P 


| ( 66 ) 


* * 


- Boprits in ALTITUDE. 


A Taz of the Rrraacriox of the HEAVENLY 
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App. . Typ. App. 
Alt. J Refr.} Alt. | Refr.j Alt. | Refr.j Alt. | Refr. 
553 — — — — —— 
0 „se ese Dee 
4 500 1110 3 5 aas 1 56159 0 34 
5 © 10:45] 4 53137 | 1 52460 33 
5 1 4.47128 | 2 4761 32 
51 5 2 11 15] 4 40129 42162 30 
5 3} 9 81 30ſ 4 34139 | 1 38163 29 
5 40] 8 541 45] 4 29131 1 35164 28 
5| 5 5of 8 4 23132 1 3116; 26] 
6-of 8 4 16133 1 28j66 25 
6 100 8 15hi2 400 4 9134 1 24467 24 
6 200 8, 4 335 1 21168 23 
6 3 3 57136 1 18j6g |} 22 
6 40 3 $1437 11670 21 
6 5 3638 [1377 I 
7 3 40139 I 10172 I 
[72 3 35149 | * 8173 17 
3 goſ4r | 2 5174 16 
3 24142 2 3/7 15 
3 17143 17 14 
3 wof44 _| ._ 59 44 12 
3 4145 : $717 12 
py 17 3 2 6 110 
5914 635179 at 
6 15118 2 54147 63189 |] 10 
6 878 3c] 2 49148 5118 
6 4]19 of 2. 44[49 49182 | 
5 55Þ'9 34 2 39159 48 $3 LF 
2 35151 46 6 
2 31152 44135 5 
53 «| 43j%6 4 
2 24154 41187 3 
55 49,88 - 
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A Table of the Sun's Declination for the Second Vear 
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after Leap- Lear. 
Pet Me [ane] Jar * Dec. 
4 Rr 
North Noꝛ th North North North North South; South {South 
= a 280, nl 
| | j 
D. M. D. M. D. M. D. M.JD. M. D. M. p. u. D M. b. M. 
| 1 
— — — — —— — — —— — — 
7 280 4 42015 —— E 717 55] 8 1% 3 20/14 381 54 
7 5 Js 30% 15123 3]!7 43] 7 49] 3 43.14 $422 3 
6 5 28115 471:2 23022 5717 27] 7 261 4 715 13122 12 
6 16] 5 5˙ 16 522 30/22 53 17 1117 1324 32022 20 
52 35115 47] 5 $3] © 14116 22122 36122 47116 55] 6 42} 4 53/5 $022 27 
6jz2 27115 29] 5 29 6 37116 30022 43}22 41416 38] 6 200 5 16116 8/22 35 
52 20015 5 6 59016 50/22 48/22 35116 23] 5 57] 5 39116 26/22 41 
Sea 12/14 5:} 4 43} 7 21117 122 54122 2:16 5| 5-34! 6- 16 43/22 48 
gfaz 3/4 32] 4 19] 7 44117 28122 59fz2 21]rs 47] 5 12] 6 25/17 O22 5 
160j21 54114 12] 3 56] 8 617 44[23 4122 14/15 30] 4 49] 6 48117 17922 5 
|=: 45113 5213 3 8 2817 5ch23 8/22 ſig 7 4 26 7 34 
12/24 35/13 32] 3 J $ gojas 14123 12121 53114 54] 4 
get 25/13 12] 2 45] 9 12115 29/3 1521 49114 36} 3 
14/21 14]12 52} 2 21] 9 33113 44523 15]21 49114 17] 3 
6 ol 32 31] 1 5% 9 35/18 58/3 24]21 3/3 58 2 
16020 52412, 1 1 38/0 1619 12/3 231 21113 4% 2 
oö ch 49 1 10010 35/19 25123 251 1g 244 2 
bo ahi 28] © 470 38/9 39/3 2620 oh 1| 1 
wo ho 15111 7 © 23111 199 $2183 27120 49/2 41 1 
2020 10 45} N. 111 39120 fs ach. aches for 
1919 ro 23 O 2 12 c|20 1 A. r 20.3 
20 35110 2} 048/12 20 28120 15/11 410 o fit 1320 1623 2 
39 2:4 9 40 o 31 2115. 13/1 34% 2t]23 2 
419 66917 26019 fo 11o 3 
6 18 51 55 259 15 40 1 
2618 3 8 33 23119 24110 19f 1 
27118 21 8 10 211519 9 $4 1 
rs $5} 7 48 188 5749 37] 2 1 
15þ8 42 9 25} 2 33Þ3 3 
118 25} 8 54] 2 5 
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| A Table of the Sun's Declination for the Third Vi 
after Leap- Year. "of ; 


| May ſac] July | 


SouthINarth North Narth North Nor 
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22 436 10 
5 2 365 51 


| 1 123 or 7 30] 4 36j15 8022 523 $118 2 
} 2[22 55146 45} 7 7} 5 is 262 13]23 4117 4 
| 3j22 496 281 6 5 23115 43h 212 5907 31 

4 5 46]: 
6 I 


16 35f22 4122 43116 
16 52j22 4/2 37116 
7 Saz g3jzz 306 


22 14/75 55} 4 48 
22 514 39} 4 25 
21 $6014 17] 4 1 


i 
17 2 5%22 23ſt5 51 


| $j=2 295 33 $353 
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1241 37113 37] 3 14þ 8 43þ18 11523 11þar 
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13 jai 27113 x7} 4 
23:4 j21 17412 57 
151 Gjiz 3002 3 


16120 54412 15] 1 4% rifilg 823 23121 23173 
17120 43111 544 1 10% 32Þig 22123. aft 13113 
1820 3/11 33 o gajro 5319 35 3 26121 
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119 0 151 12 © 291 14/9 


20 50 5 © 5½¹ 34/20 123 23 2 
%% 52þ16 29]N, 19011 55120 13123 28020 20012 23 2 
2119 3410 7] © 42112 150 24123 2 3 4 
319 9 %s 35 3721 27 120 

19 1of 9 23] 1 39/12 $5120 4423 271ig $3011 23 27 
1 ue 1] © $3113 1 23 25119 124 

426 I 40 8 38] 2 17/13 341 10023 231% 2/0 3 

7118 8 16} 2 40/13 53121 20ja3 21 140 3.2% 

Is ges 9 7 53] 3 414 12124 za 3 1| 
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A Table of the Sun's Declination for L2ap-Year. 
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Mar ay | June | July 8 Sep: 0a: [or Dec. 
21. fen uch South. 
D. M. p. M. D. M. o. M. 
| 
1 1ſ+s 14 44þÞ1 5 
6 fa 5 16/15 38 is 322 
6 24} 5 395 56 15 22]22 1 
6 51 6 15 4022 
5 42] 6 28016 30 41:5 5922 31 
bz 3a[1s 38] 5 18] | 22 45122 38016 3 7116 17 hhN 3 
4 55 22 51j22 32116 1 0116 34122 4 
4 31 2 56j22 25115 56 3416 5a 51 
22 814 414 8 23 15 39 17 9 5 
3 44 23 15 21 9117 25123 41 
3 21 23 15 3 7 4223 
2 $7 23 14 45 17 Sag 11 
2 34] 9 22018 3623 45174 27 18 14123 1 
2 10 8 51123 20ja1 35114 8 18 29]23 1 
| 1 461 23 22121 26113 5s 45123 2 
6ho 58112 211 230 26119 18/23 13 3 9 23 2 
o 5ghio 4719 32123 13 1 19 14423 2 
o 35h 19 46023 12 $2 19 2823 27 
21111 18] © 12þ11 2919 58123 12 3 19 42123 2 
10 $;6IN. 12111 40% 10[23 20 33112 12 19 $56j23 28 
19 5110 35 o 341! 23 268120 23111 52 
o Foa zoo 34123 20 9/11 325. 
1 23112 40% 4/23 19 571.4 21 
14713 go 56123 10 51 
2 1 23 19 31110 30 
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23 
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2 21113 26[21 3ola3 
2 45/73 4021 40g; 
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Acromatic teleſcopes, with brafs 3 which 
may be drawn x) at once, and that ſhut up, con- 


Optical Inſtruments,  _ 
. 5. & 
py E beſt double-jointed filver ſpeRacles, with 4 
lafſes — * 1 1 © 
The belt ditto, with Brazil pebbles — 1156 © 
Single joint filver ſpectacles, with glaſſes 00 15 @ 
Ditto, Vith Brazil pebbles — — 110 0 
Double joint ſteel ſpectacles, with glaſſes * - o 10 6 
Another ſort of ditto — — 0 7 6 
Beſt ſingle joint ſpeftacles — 0 5 © 
Ditto, inferior frames — „6 
Noſe ſpeRacles, mounted in ſi lber 0 7 a 
Ditto, in tortoiſcſhell and filver — o 4 & 
Ditto, in horn and. —— : — 0 1 © 
SpeQacles for couch 
SpeRacles with ſhades > or 
Concave glaſſes in horn boxes, for ſhort-ſighted eyes 
Reading glaſſes, from 28. 6d. to —— 29 
Opera glaſſes, from 108. 6d. to — —— 2 2 6 
Teleſcopes of various lengths, ſizes, and prices 
Teleſcopes to uſe at fea by night 11: 6 
Acromatic pro pores from 15s. to 2 12 6 


veniently for the pocket, from 11. 118, 6d. to 1313 © 
The Price of Adams's Globes. , 
28 Inches diameter, mounted in mahogany frames 52 10 
28 Ditto, frames carved and ornamented . 1 x 
18 Ditto, mounted in the common manner 6 6 00 
18 Ditto, mounted in the common manner in ma- 
hogany frames — 8 'H 0 
18 Ditto, mounted in the beſt 2 1 in ſtained . 
frames - 1010- @ 
18 Ditto; acted in the beſt: manner, in maho- .. - 
- gany frames F eee 
18 Ditto, mounted in 6 beſt manner, in n crved 
frames — * 16 0 
16 Ditto, mounted in the common 8 Ts 6.6 o 
12 Ditto, mounted in the common manner, 3 3 @ . 


12 Ditto, mounted in the common manner, in ma- 
- bogany frames 


—* ty — * 5 — 9 
r 


— 


12 Ditto, mounted in the beſt manner, in maho- 


2 
Ditto, for botanic purpoſes o 18 


+ CATALOGUE OF INSTRUMENTS, 


gany frames — — 7 7 
Ditto, mounted in the common manner — 2 2 
9 Ditto, mounted in the beſt manner — 4 4 
6 Ditto, mounted in the beſt manner babes 3 2 
Ditto, mounted in the belt manner — 1 11 
3 Ditto, for the pocket . O 10 


* 


Inſtruments for N avigation. 
Caſes of inſtruments and teleſcopes of different 


kinds, ſizes, and prices | 
Night teleſcopes, from 11. 118. bd. to —— 2 2 
An opera glaſs for the ſame pur oſe — 1 11 
A teleſcope with an eye-glaſs micrometer, for deter- 
mining the diſtance of a ſhip at ſea 
Hadley's quadrants in mahogany frames — 2 
Ditto, in black ebony frames 3 
Ditto, on the beſt conſtrution \ — ; 4 8 
5 
2 
5 
o 


Hadley's ſextant in wood 
Ditto in braſs, on the moſt improved plan, from 


— — 1 


111 118. to 
Knight's ſteering compaſs, with improvements 
Knight's azimuth ditto 
Ditto, on friction wheels 
Marine barometers ; by theſe ſtorms have been fore- 

told at ſea ſome hours before they happened 


Circular inſtruments, to anſwer the purpoſe of the 


ſextant 424 4 
Dipping needles, from 121. 128. to — 31 
An inſtrument to uſe inſtead of the minute glaſs, but 


much more accurate 2 2 


Meteorological Inſtruments. 


A plain portable barometer — 

Ditto, with a thermometer — — 

A plain barometer, covered frame and glaſs door 

Ditto, with a thermometer 

A baxometer with a long cylindric thermometer 

A ditto with ditto, and be Luc's hyg rometer 

A barometer and thermometer, with a guage, the 
indexes moving by rack-work | 

A barometer for meafuring the altitude of moun- 
tains, ". — — 

Marine barometers 

Diagonal, wheel, and ſtatical barometers 

Fahrenheit's thermometers, from 11, 15. to — 


vw Go ede 


0 oOo 0 0 


© 0 
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